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THE DYNAMIC LATERAL. CONTROL CHARACTERISTICS OF AIRPLANE
MODELS HAVING UNSWEPT WINGS WITH ROUND- AND
SHARP-LEADING-EDGE SECTIONS

By James.L. Hassell and Charles V. Bennett
SUMMARY

An investigation has been conducted in the Langley free-flight
tunnel for the purpose of comparing the dynsmic lateral control charac-
teristics of airplane models with round- and sharp-leading-edge wing
sections. The two dynamic models used.in the investigation had differ-
ent mass characteristics. One model was representative of & present-day
fighter airplane with respect to inertis; the other was representative
of a possible future type having very high fuselage inertia. These
models could be equipped with either a l1l2-percent-thick biconvex section
wing or an NACA 0012 wing having the same unswept plan forms. The
investigation consisted of static and rotary force tests made for the
purpose of establishing flight conditions, and flight tests from which
the dynamic lateral control characteristics of ‘the models with the two
wings were evaluated.

For the flight conditions investigated no apparent effect of air-
foil section on the flying characteristics of the model having high
inertie in yaw was noted, even for low values of directional stability.
The, normal-inertia model equipped with the NACA 0012 wing showed an
adverse yawing motion in sileron rolls which increased with reduced
values of directional stability; when this model was equipped with the
12-percent-thick biconvex wing, however, almost no yawing occurred, even
at the lowest values of directional stability. The difference in the
Yyawing characteristics of the-models with the two wings was attributed
to the effect of Cnp » the rate of change of yawing-moment coefficient
with rolling-sngular-velocity factor, which was adverse for the NACA
0012 wing end favorable for the l2-percent-thick biconvex wing.:

INTRODUCTION

The advent of the present-day high-speed airplane has caused
increased interest in wing sections having sharp leading edges.
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Several NACA investigations of the aerodynamic characteristics of such
wings have revealed that some of the: stability derivatives may be quite
different from those of the more conventional wings with round leading
edges. For example, the importent lateral-control parameter Cnp » the
yawing moment due to rolling, has been found to be greatly affected by
airfoll section. In the moderate-lift range a sharp-leading-edge air-
foll may produce favorable yawing moment due to rolling (positive Cnp) 3
whereas the round-nose gections generslly cause unfavorable yawing
moment due to rolling znegative Cnp) . This effect of airfoil section
was the subject of an investigation made In the Langley free-flight tun-
nel to determine the dynamic lateral control characteristics of airplane
models having wings with either a round-leading-edge airfoil section or
a sharp-leading-edge airfoil section.

The two dynamic models used in this investigation had different
mess charscteristics. One model was representstive of & present-day
fighter airplane with respect to inertia (normal-inertis model); the
other was representative of a possible future type having very high
fuselage yawing inertia (high-inertia model). These models were
equipped with either of two unswept wings, which were the same except
that one was of 12-percent-thick biconvex section which had favorable
yawing moment due to rolling and the other was of NACA 0012 section
which had adverse yawing moment due to rolling. The directional sta-
bility of the models was varied by systematic changes in vertical-tail
slze.

The investigation consisted of static and rotary force tests made
for the purpose of establishing flight conditions, and flight tests
from which the dynamic lateral control characteristics of the models
with the two wings were evaluated. Some stability parameters affecting
the lateral motion of the models were estimated.

SYMBOLS AND COEFFICIENTS

The forces and moments are referred to the stability axes, which
are defined as an orthogonal system of axes intersecting at the airplane
center of gravity in which the Z-exis is in the plane of symmetry and
perpendicular to the relative wind, the X-axis is in the plane of
symmetry end perpendicular to the Z-axis, and the Y-axis is perpendicular
to the plane of symmetry. A diasgram of these axes showing the positive
direction of forces and moments is rresented in figure 1.

The symbols and coefficients are defined as follows:

CL 1lift coefficient (Lift/qSy)
Cp drag coefficient (Drag/qSy)
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pitching-moment coefficient (M/qSwT)
lateral-force coefficient (Y/qSy)
rolling-moment coefficient (L/qSwb)
yawing-moment coefficient (N/qSwb)
rolling moment, about X-axis
pitching moment, about Y-axis

yawing moment, aboﬁt Z-axis

lateral force, pounds

dynamic pressure, pounds per square foot G%ﬂﬁ%

wing area, square feet
vertical tail area, square feet

wing span, feet

o b/2 o
mean aerodynsmic chord, feet G;; JF c“dy

local wing chord, feet
distance along Y-axis
mass density of air, slugs per cubic foot

alrspeed, feet per second

angle of sideslip, degrees (-¥ in force tests)

angle of yaw, degrees

angle of roll, degrees

angle of attack, degrees
horizontal-tail incidence, degrees

rolling-angular-velocity factor, radians
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yawing-angular-velocity factor, radians
rolling angular velocity, radians per second

yawing angular velocity, radiens per second
)

rate of change of lateral-force coefficient with angle of
sideslip, per degree (BCY/BB)

‘directional-stability paremeter or rate of change of yawing-

moment coefficient with angle of sideslip, per degree (Bcn/BB)

effective-dihedral parsmeter or rate of change of rolling-
moment coefficient with angle of sideslip, per degree (BC'[, /BB)

rate of change of lateral-force coefficient with rolling-

oC.
angular-velocity factor, per radian X

pb
O

rate of change of yawing-moment coefficient with rolling-

C
angular-velocity factor, per radien (b_p_'i_%
o
2V

damping-in-roll derivative or rate of change of rolling-
moment coefficient with rolling-angulaer-velocity factor,

per radian B_C%

v,

damping-in-yaw derivetive or rate of change of yawing-moment
coefficient with yawing-angular-velocity factor, per

n
radilan —é
2v,

rate of change of rolling-moment coefficient with yawing-
3¢,

rb
057

- angular-velocity factor, per radian

moment of :I.Bertia about the principal longitudinal axis,
.slug-feet

moment of inertia about the principal lateral exis, slug-feet2
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IZb moment of inertia about principal normal axis, slug-feet2

Kko nondimensional radius of gyration about principal longi-
tudinal axis

KZo nondimensional radius of gyration about principal normal axis

Kyv, nondiﬁensional product-of-inertia parameter '
(R R

] angle of attack of principal longitudinsl axis of model, posi-

tive when principal axis is above flight path at nose, degrees

1 longitudinal distance rearward from center of gravity to center
of pressure of vertical tail, measured parallel to longi-
tudinal stability axis, feet

‘Z vertical distance upward from center of gravity to center of
pressure of vertical tail measured perpendicular to longi-
tudinal stebility axis, feet

(Centers of pressure of all vertical tails were assumed to be at
25 percent of the tail mean serodynamic chord.)

APPARATUS AND MODELS

The flight tests were made in the Langley free-flight tunnel which
is described in reference 1. The force tests were.made on the free-
flight-tunnel six-component balance which is described in reference 2.
The rolling derivetives were obtained from the Langley 20-foot free-
spinning-tunnel rotary balance which is described in reference 3.

The models consisted of two metal fuselages of different length
and mass characteristics upon which were mounted either s 12-percent-
thick biconvex section wing with sharp leading edge or an NACA 0012 sec-
tion wing with round leading edge. The two wings had the same plan
forms. Conventional horizontal and verticel stabilizing surfaces were
used. The vertical-tail size was varied from 3 to 15 percent of the
wing area. The dimensionsl and mass characteristics of the normal- and
high-inerties models are shown in table I and sketches of the models are
shown in figure 2. Photographs of the high- and normsl-inertia models
are presented in figure 3.

DETERMINATION OF STABILITY DERIVATIVES

OF FLIGHT-TEST MODELS

The static longitudinal stability . .characteristics of the complete
models were determined from force tests made through an engle-of-attack

e W i = e e A= = pa— e — et e e — —e =
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range from 0° to 20°. These tests were made at a dynamic pressure of
3.0 pounds per square foot, which corresponds to a test Reynolds number
of epproximately 350,000, based on the mean serodynamic chord of

1.38 feet. The results of these tests made to determine the 1lift, drag,
and pitching-moment characteristics of the models equipped with both the
biconvex wing and the NACA 0012 wing are shown in figures 4 and 5.

The static-lateral-stability derivatives Cnf; CzB , and CYB
presented in table II were determined Prom messurements of force and
moment coefficients at 5 and -5° yaw for the models equipped with the
large and small vertical tails and were estimated for the models with
intermediste tails.” In addition, aileron-effectiveness tests were made
for each wing at a dynamic pressure of 3.0 pounds per square foot.

Rotary tests were made to determine the rolling deriva.tives of each
wing alone through an a.ngle-of-attack ra.nge from 0° to 14° and of the
complete normal-inertia model at 0° and 12° angle of attack. The rotary
tests were made at a dynamic pressure of 5.4 pounds per square foot,
which corresponds to a test Reynolds number of approximately 590, 000 )
based on the mean aerodynamic chord of 1.38 feet.

The results of rotery tests (Cnp, Cip, amd Cy ) for the
12-percent-thick biconvex and NACA 0012 wings are shown in figure 6.
These data indicate that Cn, is positive for the biconvex section for
angles of attack above 6° g negative for the NACA 0012 section through-
out the angle-of-attack range up to 13°. The greatest difference
between the positive and negative values of Cnp 1is shown to occur at
an angle of attack of about 12°. It was therefore decided to make the
flight tests at this angle of attack in order to show the maximum effect
of airfoil section.

The data of figure 6 also indicate that the NACA 0012 wing has
greater damp in roll then the biconvex wing throughout the angle-of-
attack range (C7, more negative by a constant increment of about 0.06 ).
This difference in the value of C7,:p should cause the model with the

NACA 0012 wing to roll more slowly than the model with the 12-percent-
thick biconvex wing with the same amount of aileron rolling moment. The
incremental difference in C7,:p tl:xroughout the angle-of-attack range for
the two wings 1s not necessarily representative of the effect of airfoil
section for all wing plen forms since unpublished results for wings of
similar sections but having 45° sweep and taper ratio 1.00 showed that
above T° angle of attack the 12-percent-thick biconvex wing had greater
damping in roll than the NACA 0012 wing.

The data of figure 6 slso show that CYP for the NACA 0012 wing

increases more rapidly with angle of attack than for the biconvex wing
and has a value about four times as large as that of the biconvex wing
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at the angle of attack of the models in the flight tests. This differ-
ence in CYP’ however, is not believed to affect appreciably the lateral

controllability of the models.

The wing contributions to the rate of change of yawing-moment coef-
ficient with yawing-angular-velocity factor Cn, and rate of change of
rolling-moment coefficient with yawing-angular-velocity factor Czr
were calculated by the methods of references k& and 5.

In order to determine the total rolling and yawing derivatives for
the complete models 1t was necessary to determine the contribution of
the fuselage and vertical tail to each derivative for each flight con-
dition. The fuselage contribution to all derivatives which were esti-
mated was found to be negligible. The vertical-tail contributions to
all the rolling and yawing derivatives except Cnp were determined by
methods similar to those of references 5 and 6, but since recent NACA
tests have indicated a discrepancy between experimental values of
Acnptail and velues calculated by the conventional method of reference 6,

estimation of the vertical-tail contribution to the derivative Cnp
required special attention. This discrepancy is attributed to wing
interference on the flow at the tail surfaces which is not accounted for
in the method of referénce 6. Inasmuch as the calculated values of
Acnptail do not include this interference effect and experimental

values were deemed necessary, rotary tests of the normal-inertia model
were made with the small vertical tails on and off for each of the
flight conditions and for the zero angle-of-attack conditions. The
experimental values of AcnPtail as determined from these experiments

and the wing-alone experiments are presented in figure 7. The tail con-
tribution to Cnp as calculated by a method similar to that of refer-
ence 6 is shown by the solid line in figure 7. The dashed line in fig-
ure T, which represents the calculated values corrected for wing inter-
ference, was obtained by drawing a line through the origin parallel to
the calculated line. In other investigations this approximate method
for correcting for wing interference has been found to give estimated
values of Acnptail that are in fairly good agreement with experimental

data. Inasmuch as this correction method also appears to give fairly
good asgreement with the limited amount of experimental data obtained
from the rotary tests on the present model, it was used to estimate
AcnPtail for the conditions for which force-test data were not obtained.

Velues of the various lateral-stability perameters are summarized
for each flight condition in table II.° )
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The results of the aileron-effectiveness tests in the form of
values of rolling- and yawing-moment coefficients for +12° aileron
deflection (full control) are as follows:

o] oo vang | 2zt
(a=g) Cy Ca Cy Cn
12 0.031 0.0050 |.0.023 | -0.00k0
1k .028 -.0052 .023 -.00k8

The ratio of the aileron rolling moments for the two wings is about the
seme as the ratio of C3. for the two wings (fig. 6) for the range of

flight conditions (« from 11° to 13°), and thus the aileron effectiveness
expressed in terms of the rolling velocity per degree aileron deflection
should be the same. Since the yawing moments produced by the ailerons
are sbout equal for the two wings, eny appreciable difference in the
dynamic lateral control characteristics between the two wings appears

to be attributable primarily to the difference in airfoil section.

FLIGHT TESTS

A list of the flight-test conditions is presented in table II.’
Flight tests of the models were made at angles of attack from 10.8° to
13° which corresponded to a lift-coefficient range of ebout 0.5 to 0.6.
These flight-test conditions were selected so that the meximum effect
of airfoil section would be obtained. Flight tests were made with
either the NACA 0012 wing or the 12-percent-thick biconvex wing mounted
on both the high- and normal-inertia fuselages with vertical talls of
various sizes. The models were flown for each test condition with
ailerons alone and for some test conditions with combined aileron and
rudder control. For flights with combined aileron and rudder, the rud-
der deflection was adjusted to produce e yawing moment approximately
equal and opposite to the adverse yawing moment produced by aileron
deflection. Motion-picture records were made to supplement the pilot's
observations of each flight condition.
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RESULTS AND DISCUSSION

Interpretation of Flight-Test Results

The flight behavior of the model was Jjudged principally on the
basis of the amount of adverse yawing motion observed. When ailerons
alone were used for control, an adverse yawing motion was readily dis-
tinguisheble from a favorable yawing motion if the yawing motion was
large. VWhen the yawing motion was small, however, it was sometimes
difficult to determine whether the yawing motion was favorable or
adverse. In these cases the yawing motion with ailerons alone was
assumed to be adverse if the yawing motion could be reduced by using
the rudder to balence out the adverse yawing moment profuced by -the
ailerons. In flights with combined aileron and rudder control, differ-
ences in yawing characteristics of the -models with the two wings were
attributed to Cnp- )

High-Inertia Model

The high-inertia model with the large vertical teil had good flying
characteristics with very little yawing motion when equipped with either
the NACA 0012 wing or the l2-percent-thick blconvex wing. The yawing
btehavior of the model with the NACA 0012 wing was considered to be about
the same as that of the model with the biconvex wing despite the differ-
ence in Cnp (-0.081 for the NACA 0012 model and 0.018 for the biconvex

model).

Flight tests of the model with the intermediate tail (conditions II-a
and II-b, table II) indicated that with either wing the model was slow
to return to zero yaw after being disturbed but still exhibited no
evidence of any definite adverse yawing motion. (See fig. 8.)

Flight tests of the model with the NACA 0012 wing and with the
small verticel tail installed (condition III, teble II) also failed to
reveal any definite adverse yawing motion, but the sluggishness in
returning from a disturbance in yaw was very pronounced. This sluggish-
ness of the model in-returning to zero yaw was attributed to the low
values of directional stability (Cnﬁ = 0.0003)' and the high Inertia in
yaw.

Throughout the flight tests of the high-inertia model no definite
adverse yawing wes observed. This result may be explained as follows:
The model rolled much more rapidly than it yawed, partly because of the
very smell inertia in roll compared with the inertia in yaw (Ixo = 0.167
slug-£t2; Iz, = 1.616 slug-fta) and partly because the aileron rolling
moments were much larger than the aileron yawing moments and the yawing
moments due to rolling. When the model rolled and yawing moments were -

- - o~ B e T e et e e et R i
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produced, therefore, the time' intervel before a roll in the opposite
direction occurred was so short, because of the inherent rapid rolling
response, that the direction of the yawing moment had reversed before
any definite yawing motion had a chance to develop.

Normal-Inertia Model

In the flight tests in which the ailerons were used as the sole
means of lateral control and the normal-inertia model wes equipped with
the NACA 0012 wing and small vertical tail (condition IV-a, table I1),

a relatively large amplitude adverse yawing motion was observed. In
this condition the pilot found that the model was difficult to control
and that it required a greater amount of aileron control than in pre-
vious flights. With the same vertical tail, the model equipped with the
12-percent-thick biconvex wing (condition IV-b, teble II) showed little
evidence of adverse yewing and was very easy to control. Typical time
histories of these two conditions in which the models were controlled
by the ailerons alone are presented in figure 9. In the pilot's attempts
to maintain straight and level flight, the model equipped with the

NACA 0012 wing was found to require more control than the model with the
biconvex wing because of its more erratic yawing. This increased con-
trol is indicated in figure 9 by the increased length of time the flicker
type of comtrol (full on, full off) was held on. A high-amplitude
rolling motion resulted for the model equipped with the NACA 0012 wing,
and a high-amplitude adverse yawing motion was introduced ‘because of
tHe adverse yawing moments produced by the increased time of aileron
deflection and the greater rolling. The flight records of figure 9
indicate that the ratio of yawing to rolling amplitude is spproxi-
metely 0.8 for the model equipped with the NACA 0012 wing and only
about 0.3 for the model with the biconvex wing. This difference in the
ratio of yawing to rolling amplitude is attributed directly to the dif-
ference in Cp, for the two.wings (-0.045 for the NACA 0012 and 0.058

for the biconvex) since the aileron yewing moments are about the same
for the two wings. :

Flight results for the models controlled by combined allerons and
rudder for the same two conditions (IV-a end IV-b, table II) are
presented in figure 10. In these flights, rudder deflection was
adjusted to produce a yawing moment approximetely equal and opposite
to the adverse yawing moment produced by aileron deflection. A compari-
son between the time- histories of figures 9 and 10 indicate that the
yawing motion of each model was reduced by the use of rudder control.
Since the yawing amplitudes for both models are smaller in figure 10
than in figure 9, the yawing motions of both models sppear to be
definitely adverse in the flights with ailerons alone.
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Figure 10 'shows that the model equipped with the biconvex wing had
very little yawing motion despite the fact that the favorable yawing
moments in this case were greater than the unfavorable yawing moments
of the model with the NACA 0012 wing which had a definite adverse yawing
motion. This difference in yawing characteristics is attributed, at
least in part, to the yawing moments produced by the product of inertia.
For a positive value of the product-of-inertias parameter Kyxz, a positive
rolling acceleration will produce s negative (adverse) yawing moment.
Since 1, the inclination of the principal longitudinal axis of inertia,
was positive for all conditions in the present investigation, the- value
of Kyy was also positive. It should be expected therefore that rolling
accelerations would produce adverse yawing moments that would tend to_
reinforce the adverse yawing moments produced by Cnp and oppose the

favorable yawing moments produced by Cn

In an attempt to reduce the effect of adverse CnP on the flight

characteristics of the model with the NACA 0012 wing, flights with
allerons glone were made with a series of larger vertical tails to
increase the directional stability and damping in yaw until the flight
characteristics were as good as those of the model with the biconvex
wing and the small vertical tail (condition IV-b, table II). As flights
were made with progressively larger vertical tails, a reduction in the
amount of adverse yawing motion was noted. It was necessary, however,
to use a verticel tail over four times as large as that of condition IV-b
in order to obtain comparable flight characteristics for the NACA 0012
wing. A time history of a flight of the model with the large vertical
tail (condition V) is shown in figure 11. A comparison of this time
history with that of the biconvex model in figure 9 (condition IV-b)
shows that the amplitudes of the rolling and yawing motions for the two
conditions are similar. The favorable,effect of the large increase in

(0.0010 to 0.0035) caused by increasing the vertical-tail area was
probably partly offset by the unfavorable effect of the increase in
adverse Cnp (-0.045 to -0.062). (See table II.)

CORCLUDING REMARKS

A flight investigation in the Langley free-flight tunnel of models
equipped with NACA 0012 (round-leading-edge) and 12-percent-thick biconvex
( sharp-lea.ding-edge) wings indiceted that, for the conditions of the tests,
no apparent effect of airfoil section on the flying characteristics of a
model having high inertia in yaw was noted, even at low values of direc-

tional stability. For the flight conditions investigated the normal-inextia

model equipped with the NACA 0012 wing revealed an adverse yawlng motion
which increased with reduced values of directional stebility, but when the

i —— - - av————— - -
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model was equipped with the 12-percent-thick biconvex wing practically no
adverse yawing was observed, even at the lowest values of directional
stebility. .

Langley Aeronsutical Laboratory

National Advisory Committee for Aeronsutics
+ Langley Air Force Base, Va., September 5 » 1950
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TABLE I.- DIMENSIONAL AND MASS CHARACTERISTICS OF MODELS

High inertia | Normal inertia

Weight, 1b . . . . . . .. . e 17.8 k. h
Moments of inertia:
Ix,, slug-£82 . . . ... ... ... 0.167 0.199
Iy, slugft2 . . ... .. ... .. 1.372 0.355
Ig., slug-ft . . .. ... ... .. 1.616 0.551
Radii of gyration:
KX « v o 0 o v e e e e C e 0.138 0.142
KZg « ¢ v o e e e e e e e 0.429 0.278

Product of inertia: )
KXZ ® o e & o © 6 2 & &6 ¢ e s o & o o o . 0075 0 . 0162

Ny deg - v v ¢ ¢ o v o e e i 4 e e 7.5 10.2
Wing: )
Area, sq ft . . . . .. e s e e o e s 5.33 5.33
Span, £t . . . . . . . . 040 . . k.00 k.00
Aspect ratio . . . . . . ... . ... 3.00 3.00
Teper ratio . . . . . . . ¢ 4 v v o & 0.50 0.50
[ 4 - © e e e e e e 1.38 1.38
Root chord, ft . . . . . . . .. ... 1.78. 1.78
Tipchord, £t . . . . . . .. . ... 0.89 0.89
Loading, 1b/sq £t . . . . . . . . . . 3.3k 2.70
Airfoil sections . . . . . . . . . .. NACA 0012 NACA 0012
12-percent- l12-percent-
thick thick
biconvex biconvex
Tall length:
1/b at o =0° (with small vertical

tBIL8) 4 4 v e e e e e e e e .. . 0.740 0.477

QA



TARLE IT
AEBOTVEANTO PARANETERE OF COMPLETE MODELS

Og c:r c
Flight Wing Tat1 » 1p . Crg a
cnpitian| TR | pection | (eyefe) [T gtien)|(ver atdan)|(per rastan) (yay rafian) ((per Tadtan) (per ag) (per des) [(per do) | L |(aog)
I-a High inerbia {KACA 0012 ﬁ) -0.06L w0, 31 0.103 0,207 G.178 | o.0023 | -0.0007 | -0.0070 |o.62|12.0
12 cant ’
Ib | o | Gk |eeeeliommemee| 018 -2 089 -.208 dam | .oces | -.oom | .00t | a7fae.s
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i .7 — mea oale | o5 -0k -32 100 -.059 4,007 .0003 | -.0012 | -.00%7 | .60{11.5
-a r:lurml inertia|WACA 0012 [--m-dommnmm- -0l -.38 097 -.0% 4,180 L0000 | -.0008 | -.0023 | JA8{11.0
12-peroontr
oy R IR e+ id P - .038 -0 019 .. 4176 0008 | -.0013 | -.0027 | .A§{23.0
biconvex
v IS NACA 0012 “ﬁ;w -.06 -3 .058 -.160 4160 0033 | .00t | -.0075 | .¥7{10.8
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Figure 1.~ The stability system of axes. Arrows indicate positive
directions of moments, forces, and angles.
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() Normsl-inertia model.

L-66732

(b) High-inertia model.

Figure 3.~ Normal- and high-inertia models.
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Figure k.- Lift, drag, and pitching-moment characteristics of the high-
inertia model equipped with the NACA 0012 and 12-percent-thick
biconvex wings. Center of gravity at 0.208; i; = -6°
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Figure 5.- Lift, drag, and pltching-moment characteristics of the
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thick biconvex wings. Center of gravity at 0.15cC.
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Figure 6.- Veriation of the rolling derivatives with angle of attack
for the NACA 0012 and 12-percent-thick biconvex wings alone.
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Figure T.- Comparison of calculated and experimental values of ACnP
tail
for the normal-inertia model equipped with the small vertical tail.
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Figure 9.- Time histories of flights of the normal-inertia model controlled
by ailerons alone. Ky = 0.1h2; Xz, = 0.278.



NACA TN 2219 : 2

A
g%' Right | | L N u 1 111 | N BN
$2 ey ! ' "
R
S 16
2
I"\ F¢ ]
& 1 Vi I\
P b v A Iy
4 X Ve T I\ HA A
‘ /j"\ 'I' A, : '/)'\\ i \\ ¥ B\ HR LA AR
! ! o[yl PN 1
voas © A A S
AN I ATy N SR T AT
- l L]
ARNARINYIRAE TR A |
- | RARIEW, ¥ " RN
il ! Y \ \! \.“' N
{
L '
gl \ . :
-16 P

0o / 2 3 4 5 6 7 8 9 10 1/ 2 3 14
Time, 1, sec

(a) Condition IV-a. NACA 0012 wing; Cayp = -0.045; Cng = 0.0010.

ef Lo
$3 ! TEEIEI NN NN LB R
SN Left
S 8
e |1
4 A J v
B 7AY l’\ l'l\'\ - \:3(4 ’l,
\ \ 1 [\ ARTER) I AN i
0 e NI - ] g
wog O P T I AR AT L T AP
OO N Y TN T VM
. - Y \
[

(4] / 2 3 4 5 6 7 & 9 0 '/
Time, 1, sec

(b) Condition IV-b." 12-percent-thick biconvex wing; Cny = 0.058;
an = 0.0008.

Figure 10.- Time-histories of flights of the normal-inertia model
controlled by ailerons and rudder. Ky, = 0.142; Kz, = 0.278.
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Figure 1l.- Time h‘:l.s'bory of a flight of the normal-inertia model equipped
with the NACA 0012 wing and the extra large vertical tail. Control’
by ailerons alane. Ky = 0.167; Kz, = 0.280; Cap = 0.0035; Cpy, = -0.062.
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